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Objective To explain, through mediation analyses, the mechanisms by which ATHENA (Athletes Targeting

Healthy Exercise and Nutrition Alternatives), a primary prevention and health promotion intervention

designed to deter unhealthy body shaping behaviors among female high school athletes, produced immediate

changes in intentions for unhealthy weight loss and steroid/creatine use, and to examine the link to

long-term follow-up intentions and behaviors. Methods In a randomized trial of 1668 athletes,

intervention participants completed coach-led peer-facilitated sessions during their sport season. Participants

provided pre-test, immediate post-test, and 9-month follow-up assessments. Results ATHENA decreased

intentions for steroid/creatine use and intentions for unhealthy weight loss behaviors at post-test. These effects

were most strongly mediated by social norms and self-efficacy for healthy eating. Low post-test intentions

were maintained 9 months later and predicted subsequent behavior. Conclusions ATHENA successfully

modified mediators that in turn related to athletic-enhancing substance use and unhealthy weight loss practices.

Mediation analyses aid in the understanding of health promotion interventions and inform program

development.

Key words adolescents; educational interventions; health promotion and prevention; lLongitudinal research;
peers; mediation analysis.

Female adolescent athletes encounter conflicting pressures

as they strive to shape their bodies for success in compet-

itive sports and simultaneously to comply with peer norms

for thinness. To meet their goals, young female athletes

may engage in both unhealthy weight control strategies

and use of dangerous athletic-enhancing substances.

ATHENA (Athletes Targeting Healthy Exercise and

Nutrition Alternatives) is a primary prevention program

targeting both health harming behaviors among high-

school female athletes. Primary and delayed intervention

findings have previously been reported (Elliot et al., 2004,

2006, 2008). This article reports, through mediation

analyses, an examination of the mechanisms by which

the intervention reduced intentions to engage in two

types of unhealthy body-shaping behaviors.

Female athletes are at risk for disordered eating.

Roberts, Glen, and Kreipe (2003) found that 8.4% of

7th–12th grade female athletes tested within the eating

disorder range on a measure of disordered eating attitudes.

Fully 10% of high-school female athletes employed at least

two pathogenic strategies for weight control within a

28-day period, and in extreme cases exhibited the female

athlete triad syndrome (Nichols, Rauh, Lawson, Ming, &

Barkai, 2006).

Anabolic steroid use, once of more concern among

male than among female athletes, is now becoming a

serious problem among female athletes (Johnston,

O’Malley, Bachman, & Schulenberg, 2004). Negative

effects of steroids include emotional imbalance, liver

damage, development of masculine traits, heart attack
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and stroke, immune deficiency disease risk (e.g., HIV

through shared needles), and death (National Institute

on Drug Abuse, 2000).

Consistent with the goal of primary prevention,

ATHENA aimed to lower intentions for risky weight loss

strategies and athletic-enhancing substance use and

thereby to prevent their initiation (Elliot et al., 2004,

2006). ATHENA is a sport team-based scripted curriculum

which targeted modifiable risk and protective factors

associated with disordered eating and body shaping drug

use. Elliot et al. (2004, 2006) assessed the immediate

impact of the ATHENA program in a randomized trial

involving 928 female high school athletes and documented

short-term reductions in intention for disordered eating,

intention to use athletic-enhancing substances, and initia-

tion of diet pill use. ATHENA also produced improved

nutrition skills, greater knowledge of harmful effects of

steroid use and disordered eating, improved ability to con-

trol mood, enhanced ability to resist unhealthy weight loss,

decreased belief in advertisements, and improved norms

from friends among ATHENA participants. Elliot et al.

(2008) reported reduced drug and alcohol use but

not disordered eating 1–3 years beyond high-school

graduation.

Elliot et al. (2006) suggested but did not explore

whether skills, knowledge, beliefs, and norms were the

mechanisms by which intentions to avoid risky behavior

in the future were reduced. This article expands on Elliot

et al. (2006) by examining via mediation analyses, the

mechanisms through which the ATHENA intervention

produced changes in intentions that ultimately predict

behavior. These hypothesized meditational chains were

based on health behavior theory and closely related empir-

ical studies. Additionally, this article expands on previous

work by examining the extent to which immediate post-test

intentions predict long-term follow-up intentions and

behaviors. Analyses are conducted on data of the initial

cohort of ATHENA participants (Elliot et al., 2006) plus

heretofore unpublished data from two additional cohorts

of ATHENA participants. Together, findings inform the

design of effective interventions, especially for adolescent

prevention and health promotion.

Mediation analysis provides an examination of the

process through which an intervention impacts partici-

pants by (a) identifying intervention effects on the media-

tors, and (b) establishing links from changes on mediators

to changes on outcomes. Using mediation analysis to

uncover intervention mechanisms requires that distinct

intervention components target specific mediators ([a],

above), and also that the putative links from mediators

to outcomes be specified (b above; MacKinnon, 2008;

West & Aiken, 1997). The design of health promotion

interventions assumes linkages between specific program

content and change in targeted constructs. ATHENA

targeted particular constructs under the assumption

that those changes would lead to decreased intentions

to initiate high risk behaviors. The targeted constructs,

or hypothesized mediators, in ATHENA included control

of negative moods, nutritional practices for athletes, risks

of steroid use and unhealthy weight loss, resistance to

media messages, pressure from coaches to be thin, and

peer norms for eating disorders and steroid use.

Relationships among constructs that are tested in

ATHENA appear within established models of health

behavior: the theory of planned behavior (TPB; Ajzen,

1991), social cognitive theory (SCT; Bandura, 2001),

and the information, motivation, behavior model (IMB;

Fisher & Fisher, 1992). In the TPB, norms, attitudes

(i.e., outcome expectancies for the effects of a behavior)

and perceived behavioral control (self-efficacy) predict

intentions to behave. These constructs were hypothesized

to be central to the ATHENA program. Knowledge is

included in both the IMB and SCT. ATHENA aimed to

increase knowledge of harmful effects of steroids, diet

pills, laxatives, diuretics, and vomiting. This knowledge,

in turn, was expected to intensify negative outcome expec-

tancies for risk behaviors. In SCT, knowledge acquired

through observational and active learning predicts self-

efficacy; in IMB, information predicts behavioral skills.

ATHENA aimed to increase knowledge of nutrition in

order to increase self-efficacy for eating to become a better

athlete. Baranowski, Perry, and Parcel (2002) describe emo-

tional arousal as inhibiting performance and recommend

training for dealing with arousing situations in SCT.

ATHENA taught participants ways to control their moods.

There is empirical support for the hypothesized

relations among ATHENA constructs. The Adolescents

Training and Learning to Avoid Steroids (ATLAS) program

is a team-based primary prevention curriculum for high

school male athletes. Knowledge of the harmful effects of

steroids mediated the program’s effect on intentions to

use steroids (MacKinnon et al., 2001). Among male

adolescents, negative outcome expectancies for steroids

are associated with lower steroid use (Lovstakken,

Peterson, & Homer, 1999). Interventions with young

women support the efficacy of changing outcome expec-

tancies to modify behavior (Whaley, 1999). College women

at high risk for eating disorders have greater internalization

of societal normative influences on attitudes about their

appearance than do women at lower risk (Franko et al.,

2005). Self-efficacy, knowledge, personal values, norms,

and self-esteem relate to unhealthy weight loss behaviors
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(Franko et al., 2005). Depressed mood is associated with

disordered eating among adolescents (Santos, Richards, &

Bleckley, 2007). A strong association has been shown

between intentions and subsequent behaviors of young

women for physical activity (Everson, Daley, & Ussher,

2007), sun protection (Jackson & Aiken, 2006), and

calcium intake (Schmiege, Aiken, Sander, & Gerend,

2007).

ATHENA is a primary prevention program; most

participants had not yet engaged in the targeted risky

behaviors, and reducing intentions was a principal

intervention goal. The current analyses examine which

constructs that were changed by the ATHENA intervention

mediated the immediate effect of the intervention on two

intention measures: intention to engage in unhealthy

weight loss and intention to use athletic-enhancing sub-

stances. Our focus was to investigate, through mediation

analysis, whether change on putative mediators led to

change in intentions. Furthermore, we examined the rela-

tion between post-test intentions and long-term follow-up

behaviors and intentions.

Method
Participants

The ATHENA program was conducted with female athletes

in sport teams at 18 high schools in the Northwest. Over

a 3-year period, 1668 athletes participated (928, 485,

and 255 athletes in the year one, two, and three cohorts,

respectively). The CONSORT diagram in Figure 1 includes

all participants. The majority of participants were White

(91%), and in 9th (46%) or 10th grade (25%) at pre-test.

In all 70% of mothers and 68% of fathers had completed at

least some college. Only 11% of participants received free

or reduced price school lunch. Athletes participated in

11 different sports; 68% were in volleyball, soccer, or

basketball. At pre-test, few participants had used diet

pills (6%), diuretics (1%), vomiting (4%), laxatives (1%),

anabolic steroids (< 1%), or creatine (2%) in the past

3 months; 14% had not eaten for a day or more to lose

weight. Students and their parents or guardians provided

written informed consent. The Institutional Review Board

of the Oregon Health & Science University approved

the study.

Procedure

Schools were matched in pairs based on size, average

socioeconomic status, and student demographics. One

school in each pair was randomly assigned to the exper-

imental condition and the other to control. An offer to

participate in ATHENA was extended to all girls’ sports

teams at each experimental school. After a team agreed to

participate, the same sport team at the paired control

school was asked to complete the questionnaires and

was given pamphlets on disordered eating, drug use,

and sports nutrition. One to eight sport teams partici-

pated from each school.

There were three measurement points: (i) immediate

pre-test, (ii) immediate post-test, and (iii) long-term

follow-up. After participants completed pre-test measures,

they began the ATHENA program. The immediate post-test

measures were gathered within 2 weeks of the end of the

3–4-month sport season. Follow-up data were collected

9 months after post-test.

Immediate Post-test Retention

Only participants who completed the sport season

were included in immediate post-test data collection.

The number of participants declined from 1668 to 1261

(24% loss) between pre-test and immediate post-test data

collection. Attrition (25%, 24%, in treatment vs. control,

respectively) was mainly attributable to athletic program

structure. Some participants were cut and others dropped

out of the sport. Attrition was comparable to that of

male high school athletes in the ATLAS study (Goldberg

et al., 2000).

Long-term Follow-up Retention

Only participants who remained in their sport in the year

after ATHENA were included in long-term (9 months)

follow up. Data were collected from 817 (81%) of the

1006 participants from the first two cohorts. The final

cohort of 255 participants had been enrolled in

the study in its third year, not allowing for long-term

follow-up.

The ATHENA Intervention

The ATHENA program was a sequenced intervention

consisting of eight weekly 45 min sessions facilitated by

the coach and integrated into usual team activities.

Athletes were partitioned into six member groups with

a designated squad leader; the squad leader and coach

used scripted lesson plans for these meetings. The majority

of activities were peer-led and involved group participation.

Additional information on ATHENA is given at the

following website: http://www.nrepp.samhsa.gov/program

fulldetails.asp?PROGRAM_ID¼111. The curriculum

focused on the putative mediators shown in Table I.

Participants learned proper nutrition for sport performance

(sessions 1 and 2) to enhance self-efficacy for healthy

eating through achievable weekly goals (session 4). They

learned negative effects of use of body shaping substances
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(session 2) and disordered eating (session 3). These

effects were then personalized to produce negative

outcome expectancies (sessions 5 and 6). Participants

deconstructed messages in advertisements of supplements

and diet pills to reverse beliefs in deceptive norms

portrayed in advertisements (session 4). Participants

made their own ads that promoted healthy activities

to establish healthy normative beliefs about drug and

substance use and to reinforce negative outcome expectan-

cies (sessions 5 and 6). Participants learned to recognize

the linkage between their activities and feelings by keeping

daily diaries and also acquired strategies to control their

mood (session 3). Role playing taught skills to resist

unhealthy weight loss behaviors (session 7). Intentions

were targeted in session 8. Participating in the program

with their coach and peers was designed to teach partici-

pants that their coach and peers endorse healthy norms.

Measures

The 15 constructs included in analyses were assessed

through the pre-test, post-test, and long-term follow-up

questionnaires. All items are included in Appendix 1.

18 schools met criteria for 
inclusion 

18 schools randomized 
within matched pairs based 
on size, SES, and student 

demographics 

0 schools excluded 

25 teams within 9 schools 
assigned to ATHENA  

34 teams within 9 schools  
assigned to control  

861 students completed  
pre-test measures 

655 students completed  
post-test measures (from 33 

teams within 9 schools) 
206 students lost at post-test 

807 students completed  
pre-test measures 

606 students completed  
post-test measures (from 23 

teams within 9 schools) 
201 students lost at post-test 

406 students completed 
follow-up measures (from 22 

teams within 9 schools) 
200 students lost at  
9 month follow-up

411 students completed 
follow-up measures (from 33 

teams within 9 schools) 
244 students lost at  
9 month follow-up

Figure 1. CONSORT diagram depicting participants’ assignment to condition and retention.
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With the exception of intentions for unhealthy weight loss

from the EAT-26 (Garner, Olmsted, Bohr, & Garfinkel,

1982), and ability to control mood (Clarke et al., 2001),

items were drawn from the ATLAS program (Goldberg et

al., 2000). Internal consistency reliabilities (coefficient a)

for multiple continuous-item scales are given in Table I.

For the remaining scales, the correlation between pre-test

and post-test scores in the control group appear in Table I;

stability was not expected to be high because the control

group had experienced a sport season between the two

measurement points.

Mediational Models and Statistical Analyses

All analyses controlled for pre-test differences across

groups by including pre-test measures as predictors of

corresponding post-test and follow-up measures. Each of

the 11 hypothesized mediators was tested in a single medi-

ator analysis to determine whether (i) the intervention

changed the mediator and (ii) the change on that mediator

was associated with change on the outcome. A multiple

mediator model was also tested (see Figure 2). Mediational

chains were specified (e.g., intervention ! knowledge !

self-efficacy ! intention) that followed the logic of the

ATHENA intervention design and the specific sequence

in which content related to the mediators was presented

across sessions. The numerical value in the box for each

mediator is the specific session in which content aimed

at the mediator was presented; temporal ordering was

followed for all chains. The models supported the role of

each mediator in bringing about change in intentions.

Models were estimated in MPlus (Muthén & Muthén,

2006).

Full-information maximum likelihood (FIML) estima-

tion (the Type¼missing command) was employed to

include all available data. Models were estimated at the

individual level with 1668 participants. The hierarchical

clustering of students within schools was controlled (the

Type¼ complex command) to yield accurate tests of infer-

ence (Raudenbush & Bryk, 2002). Asymmetric confidence

limits, which yield tests of significance of the mediated

effect with maximum power and accurate Type I error

rates, were calculated for each mediated effect using the

program PRODCLIN (MacKinnon, Fritz, Williams, &

Lockwood, 2007).

Single-mediator analyses were conducted following

MacKinnon (2008). For each mediator, four values (c, a,

b, c0) characterized the relationships among the interven-

tion (X), mediator (M), and outcome (Y). The c path is

Table I. Construct Reliabilities and Means (Standard Deviations) at Pre-Test and Immediate Post-Test Measures

aCoefficient a Mean (SD) eCohen’s d

bTest–retest r Pretest Post-test (3–4 months)

ATHENA Control ATHENA Control

Putative mediators

1. Knowledge: harmful effects of steroids .39b 3.3 (1.6) 2.8 (1.7) 4.1 (1.6) 2.9 (1.9) .56

2. Knowledge: nutrition for sport performance .38b 5.9 (1.2) 5.7 (1.4) 5.9 (1.2) 5.5 (1.4) .24

3. Peer norm for steroid use .79a 1.9 (1.6) 1.8 (1.5) 1.9 (1.6) 1.9 (1.5) .00

4. Social Norms: coach and magazines .51a 2.2 (0.8) 2.2 (0.8) 2.0 (0.9) 2.2 (.0.9) .28

5. Peer norm for eating disorders .86a 3.6 (2.2) 3.2 (2.1) 3.3 (2.1) 3.1 (2.1) .03

6. Belief: ability to control mood .30a 5.5 (1.0) 5.6 (1.1) 5.6 (1.1) 5.4 (1.2) .20

7. Knowledge: effects of vomiting, diet pills, etc. .29b 3.2 (1.1) 3.1 (1.2) 3.4 (1.2) 3.1 (1.4) .22

8. Belief: ability to resist unhealthy weight loss .21b 5.8 (2.0) 5.8 (2.0) 6.0 (1.8) 5.8 (1.9) .11

9. Outcome expectancy: steroids .22b 6.4 (1.4) 6.2 (1.5) 6.3 (1.5) 6.1 (1.5) .13

10. Self-efficacy: eating to become better athlete .37b 5.7 (1.4) 5.8 (1.3) 6.1 (1.2) 5.6 (1.4) .41

11. Outcome Expectancy: diet pills .35b 6.0 (1.5) 6.0 (1.5) 6.3 (1.4) 6.0 (1.5) .19

Intentions and behavior

12. Intentions to use steroids/creatine .47a 1.5 (0.9) 1.5 (0.9) 1.4 (0.9) 1.6 (1.0) .15

13. Intention to engage in unhealthy weight loss .85a 1.7 (1.0) 1.6 (1.0) 1.7 (1.0) 1.7 (1.1) .19

14. Behavior: steroid/creatine use, past 3 monthsc .27b .02 (.13) .02 (.13) .01 (.09) .00 (.06) .10

15. Behavior: diet pills, etc., past 3 monthsd .54b .29 (.66) .23 (.60) .23 (.55) .21 (.57) .03
aCoefficient a for multiple continuous-item scales.
bTest–retest correlation in control group for single item scales and multiple binary-item scales; the 3–4-month interval between measurements, which included the sport season,

may have resulted in construct instability.
cProportion of two behaviors (steroid use, creatine use) in which athlete engaged.
dProportion of five behaviors (not eating, vomiting, laxative use, diet pill use, diuretic use) in which athlete engaged.
eImmediate post-test effect size.
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the total effect of the intervention X on outcome Y.

The a path is the effect of the intervention X on the medi-

ator M. The b path is the relationship of mediator M to

outcome Y. The product of the a and b paths, ab, is the

mediated effect, the part of the total program effect trans-

mitted through the mediator. Statistical significance of

the ab estimate is evidence of mediation. The c0 path

(c0 ¼ c� ab) is the direct effect of the intervention X on

outcome Y not transmitted through the mediator. Finally,

meditational analysis of the multiple mediator model per-

mitted tests of unique contributions of mediators and esti-

mates of the proportion of the total effect transmitted

through each meditational chain.

ATHENA aimed to lower behavioral intentions to

prevent future harmful behaviors. Immediate post-test

intentions served as primary outcomes. The multiple medi-

ator model examined prediction of intentions over time

and long-term follow-up behaviors.

Results
Equivalence of ATHENA and Control Groups
at Pre-test and Attrition Analyses

Table I gives means and standard deviations on all

constructs at pre-test and immediate post-test. Pre-test

equivalence was tested in models in which the treatment

variable alone predicted each pre-test score. The interven-

tion and control groups did not differ for 13 of the

15 measures. Intervention participants had more knowl-

edge of steroids (�¼ .51, z¼ 2.70, d¼ .30) and engaged in

fewer unhealthy weight loss behaviors (�¼ .065, z¼ 1.96,

d¼ .10) than control participants. Pre-test scores of those

retained versus lost to follow up were examined to test for

differential attrition across condition ( Jurs & Glass, 1971).

Of the thirty models tested (15 constructs for two

retention times), there was only one significant condition

by retention interaction, as expected by chance. Girls with

lower steroid outcome expectancies were more likely to be

ATHENA
1 = treatment 
0 = control 

Knowledge 
‘effects of steroids’ 

post-test 

Behavior
Not eating, laxatives 
vomiting, diet pills, 

diuretics to lose weight
9 month follow-up 

Behavior
Steroid / creatine  
9 month follow-up 

Intentions to use
drugs / diet pills / vomit 

to lose weight 
post-test 

Social Norm 
belief ‘magazine ads are true’ , 

‘coach watches weight’ 
post-test 

Outcome Expectancy 
harmful effects of diet pills 

post-test Knowledge 
‘effects of diet pills, laxatives, 

diuretics, or vomiting’ 
post-test 

Intentions to use
steroids / creatine 

post-test 

Outcome Expectancy 
harmful effects of steroids 

post-test 

Mood Management 
post-test 

Intentions to use
drugs / diet pills / vomit 

to lose weight 
9 month follow-up 

Intentions to use
steroids / creatine 
9 month follow-up 

.976*** 

.309*** 

.335** 

−.219*** 

Knowledge 
‘nutrition and sport  

performance’ 
post-test 

.197** 

.267*** 

.072** 

−.555*** 

−.053** 

−.061* 

.234*** 

.248*** 

−.270*** 

.258*** 
Self-efficacy 
‘for good eating 
style to become 
better athlete’ 

post-test 

−.508*** 
−.090*** 

.059*** 

.019*

−.078*** −.082*** 

.290*** 

.454*** 

.551*

.477*** .132*** 

−.058*** 

.217*** 
.339*** 

.027*

3

4

5, 6

 8 

 8 

5, 62

 1, 2 

4

3

Figure 2. Multiple mediator model predicting intention to use steroids and creatine and intention to engage in unhealthy weight loss and subsequent

behaviors. The number in the lower right hand corner of construct boxes indicates the session in which the corresponding intervention material was

introduced. Each construct measure in the model is a post-test score with the corresponding pre-test score partialed out. All pre-test measures were

allowed to correlate with each other and with the ATHENA treatment variable. Post-test mediator measures within each step were allowed to correlate

(i.e., the three knowledge measures, social norms and mood; the two outcome expectancies and self-efficacy; the two intention measures; the two

follow-up behavior measures; the two follow-up intention measures). All direct effects of ATHENA were included in the model but only significant

paths are depicted. Unstandardized path coefficients are reported. *p < .05, **p < .01, ***p < .001.
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retained in ATHENA than in the control condition

(�¼�0.037, z¼�2.54, p < .05).

Total effects

Immediate Post-test Intentions

Based on c paths (the total effects of treatment on

intentions), reported in Table II, ATHENA produced

small effect size decreases in immediate post-test inten-

tions to use steroids (�¼�0.123, z¼�3.09, p < .01,

Cohen’s d¼ .15) and to engage in unhealthy weight

loss (�¼�0.148, z¼�2.77, p < .01, d¼ .19) relative

to control participants.

Long-term Follow up

ATHENA reduced long-term follow-up intentions

to use steroids and creatine (�¼�0.128, z¼�2.16,

p < .05, d¼ .11; ATHENA, M¼ 1.5, SD¼ 0.9;

Control, M¼ 1.6, SD¼ 1.0) and tended to do so for inten-

tions to engage in unhealthy weight loss (�¼�0.130,

z¼�1.76, p¼ .08, d¼ .09; ATHENA, M¼ 1.7,

SD¼ 1.2; Control, M¼ 1.8, SD¼ 1.1). At long-term

follow-up, there was no effect of ATHENA on steroid and

creatine use (�¼ .001, z¼ 0.11, ns; ATHENA, M¼ 0.02,

SD¼ 0.2; Control, M¼ 0.02, SD¼ 0.2, d¼ 0) and

unhealthy weight loss behaviors (�¼�0.020, z¼�0.55,

ns; ATHENA, M¼ 0.3, SD¼ 0.7; Control, M¼ 0.3,

SD¼ 0.6, d¼ 0).

Single Mediator Models

We estimated seven single mediator models for the

outcome ‘‘intention to use steroids/creatine’’ and eight

single mediator models for the outcome ‘‘intention to

engage in unhealthy weight loss behaviors’’; four mediators

were common to both intention measures. Results are

given in Table II. ATHENA had the intended effect on

seven of the 11 putative mediators, as indicated by signif-

icant a paths. All mediators significantly related to the out-

come (significant b paths). Significant ab paths supported

mediation in 11 of 15 instances; in Table II asymmetric

confidence limits (CL) that do not include zero indicate

significance of an ab path. Finally, the c0 path shows

the direct effect of the intervention on the outcome, not

transmitted through the mediator; non-significant c0 paths

indicated that the mediator completely mediated the effect

of the intervention on the outcome.

We calculated the proportion mediated (ab/c) as an

effect size measure for each mediator (MacKinnon,

2008), that is, the proportion of the total effect of the

ATHENA intervention on an outcome (c) that is carried

through a mediator (ab). Social norms, self-efficacy, and

knowledge of steroid effects mediated the largest propor-

tion of the effect of ATHENA on intention to use steroids/

creatine, .61, .59, and .46, respectively. Social norms, self-

efficacy, and outcome expectancies mediated the largest

proportions of the effect of ATHENA on intention to

engage in unhealthy weight loss practices, .49, .45,

Table II. Estimates from the Single Mediator Models on Both Immediate Post-test Intention Measures

95% CL of mediated effect

Mediators a b c0 ab Lower Upper

Outcome: Post-test intention to use steroids/creatine

Knowledge: harmful effects of steroids .949* �.059* �.055 �.056* �.089 �.027

Knowledge: nutrition for sport performance .308* �.089* �.089* �.027* �.051 �.010

Peer norm for steroid use �.017 .053* �.124* �.001 �.008 .006

Social norms: coach and magazines �.223* .337* �.053 �.075* �.120 �.035

Mood management .203* �.169* �.090* �.034* �.059 �.013

Outcome expectancy: steroids .192 �.163* �.090* �.031 �.075 .010

Self-efficacy: eating to become better athlete .497* �.145* �.054 �.072* �.118 �.034

Outcome: Intention to engage in unhealthy weight loss practices

Knowledge: nutrition for sport performance .309* �.071* �.122* �.022* �.044 �.005

Social norms: coach and magazines �.224* .301* �.075 �.067* �.106 �.032

Peer norm for eating disorders .038 .034* �.155* .001 �.008 .011

Mood management .203* �.133* �.120* �.027* �.0461 �.010

Knowledge: harmful effects of vomiting, diet pills, etc. .226* �.071* �.127* �.016* �.036 �.006

Belief: ability to resist unhealthy weight loss .225 �.064* �.133* �.014 �.033 .001

Self-efficacy: eating to become better athlete .498* �.145* �.079 �.072* �.117 �.035

Outcome expectancy: diet pills 260* �.155* �.104* �.040* �.070 �.015

Note. Unstandardized paths are reported. *p<.05. The total effect of ATHENA on intention to use steroids/creatine (c path) was –.123*. The total effect of ATHENA on intention

for unhealthy weight loss (c path) was –.148*. CL: asymmetric confidence limits around ab mediated effect.
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and .27, respectively. The sum of these measures exceeds

one, since the mediators are correlated and the proportions

are thus in part overlapping.

Multiple Mediator Model

The multiple mediator model contained all but three

mediators; the omitted mediators (peer norms for steroids,

peer norms for eating disorders, belief in ability to resist

unhealthy weight loss) were not affected by ATHENA.

Outcome expectancy for steroids was retained because it

was predicted from steroid knowledge and not directly

from ATHENA. The multiple mediator model assessed

the contribution of each mediator in the presence of all

other mediators and included a test of whether post-test

intentions predicted behaviors and intentions at long-term

follow-up. All constructs were predicted by corresponding

pre-test measures to control for baseline levels; these paths

are not shown. A path from ATHENA to each construct

was estimated in the model; only significant paths are

shown.

Model fit was adequate [w2
(209)¼ 706.474, p<.001,

CFI¼ .911, RMSEA¼ .038, SRMR¼ .062]. The multiple

mediator model explained a large proportion of variance

in intention to use steroids/creatine (R2
¼ 0.317) and in

intention to engage in unhealthy weight loss (R2
¼ 0.532).

Hypothesized mediational chains were supported.

These included the linkages from knowledge to outcome

expectancies, from knowledge and norms to self-efficacy,

and from outcome expectancies, norms, self-efficacy and

mood management to intentions. The direct paths from

ATHENA to both intention measures were non-significant,

indicating that the set of mediators fully mediated the

relation of ATHENA to immediate post-test intentions.

Post-test intentions predicted corresponding behaviors

at long-term follow-up. Long-term follow-up intentions

were predicted by corresponding follow-up behaviors

and post-test intentions.

Proportion-mediated measures in the multiple media-

tor model assessed the proportion of the difference

between the ATHENA and control means (total effect of

treatment) uniquely attributable to each mediated chain

from ATHENA to intention (see Appendix 2 for an expla-

nation of the computation, Appendix 3 for estimates for

steroid/creatine use, and Appendix 4 for estimates for

unhealthy weight loss). The strongest mediated effects

were the same across the two intention measures. The

mediated effect that accounted for the largest proportion

of the total effect was the chain from ATHENA through

social norms to intention (.45, .40 of the total effect for

steroids/creatine and unhealthy weight loss, respectively).

The second largest mediated effect was from ATHENA

through self-efficacy to intention (an additional .17, .20

of the total effect for steroids/creatine and unhealthy

weight loss, respectively).

Discussion

This article extends Elliot et al. (2004, 2006, 2008) by

documenting the putative mechanisms through which

ATHENA produced outcomes. The impact of ATHENA

on knowledge, self-efficacy, social norms, mood manage-

ment, and intentions was replicated in the full three

cohorts of participants. Elliot et al. (2004, 2006) found

immediate post-test effects of ATHENA on diet pill use

and on a measure of amphetamine, anabolic steroid, and

sport substance use. We found no effects on weight loss

and athletic enhancing substances at 9-month follow-up

(see Elliot et al., 2008 for post-high school follow up).

Results support the focus of ATHENA as a primary preven-

tion program that had a stronger effect on reducing

intentions for new unhealthy behaviors than on reducing

the rare unhealthy behaviors themselves.

We can clearly state that changes in knowledge,

norms, mood management, outcome expectancies for

risky behaviors, and self-efficacy were associated with

salutary changes in intentions, which, in turn, were

associated with behavior. The multiple mediator model

provided a thorough examination of how the program

impacted participants. Following the call for the develop-

ment of hybrid models of health behavior (Baranowski,

Cullen, & Baranowski, 1999), we drew from three well

researched models of health behavior and the sequential

eight-session design of ATHENA to specify an integrated

model of the intervention. Strong support accrued for

the hypothesized mediators within ATHENA, in that all

constructs were related to one or both outcome intentions

(b paths of Table II). Diminished intentions for high

risk behaviors at immediate post-test were maintained

over a 9-month period and were related to behavior

at follow-up. The majority of intervention components

led to changes on the mediators (a paths of Table II).

The intervention did not change peer norms or reported

ability to resist unhealthy weight loss practices; thus we

cannot conclude whether a change in peer norms or resis-

tance skills would lead to a change in targeted outcomes.

These mediators did correlate with intentions; thus

targeting these constructs effectively may strengthen

interventions.
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The strongest mediator of the ATHENA effects was the

social norm construct which measured perceived injunc-

tive norms from the coach and from magazine advertise-

ments. Coach beliefs are important influences on female

adolescent disordered eating (Fender-Scarr, 1999).

Magazine ads relate to restricting calories and diet pill

use among female adolescents (Thomsen, Weber, & Beth

Brown, 2002). Results suggest that changing female ado-

lescents’ distorted perceptions of normative behavior

reduces their risk for unhealthy body shaping behaviors.

Self-efficacy for eating to become a better athlete

was the second strongest mediator of the effect of

ATHENA on both intention measures. Athletes learned

how to include proper nutrients in their diet to improve

their athletic performance while also learning about harm-

ful side effects of steroids, diet pills, fasting, etc. Having

a positive behavior to substitute for the risky behavior

may have been important. Leventhal (1970) theorized

that when people are threatened with negative health

outcomes and given viable steps to protect themselves,

they mitigate the threat through protective behavior.

Given no path to protection, they deny the threat.

A third essential mediator of the effect of ATHENA on

both intentions measures was knowledge of the harmful

effects of the behaviors. This replicates findings from the

ATLAS program for steroid use among male high school

athletes (MacKinnon et al., 2001). Knowledge of risks is

not typically an effective prevention strategy for adoles-

cents. As MacKinnon et al. (2001) speculated, however,

teaching of harmful effects of steroids and diet pills

may have succeeded because participants acquired new

information about behaviors that are less common than

other typically studied risky behaviors such as alcohol

use and smoking.

Mood management also mediated both intention

measures. Negative affect has been shown to be associated

with disordered eating among adolescents (Santos et al.,

2007). Targeting mood management in ATHENA reduced

intentions for high-risk behavior.

Several limitations exist. Data are self-reported and are

thus vulnerable to biases (e.g., under-reporting of high risk

behavior). One or two item scales may have limited

the strength of observed relations (e.g., the low stability

measure of ability to resist unhealthy weight loss, which

apparently was not affected by ATHENA). Incomplete

specification of mediators is a potential limitation of all

models. Significant program effects were found, however,

and effects were almost completely explained by included

mediators.

Our findings may be restricted to athletes retained in

a sport throughout a sport season. Most attrition was due

to not completing the sport season. Those lost to follow-up

had slightly higher intentions for unhealthy weight loss

behaviors (d¼ .15) and unhealthy weight loss behaviors

(d¼ .16). High-risk behavior among participants was low;

ATHENA served as primary prevention and may not be as

successful for girls well engaged in risky body-shaping

behaviors.

Implications for Practitioners

The mediation analyses suggest important content

for interventions. Given powerful media impact on dieting

behaviors, deconstructing media content is a critical point

of intervention. The component that paired information

about nutrition and sport performance with concrete

behavioral strategies can be used broadly in educational

settings. The effective mood control strategy provides

a model for helping adolescents maintain emotional

equilibrium.

The strategies employed to deliver the intervention

may provide useful approaches for practitioners. Peer-led

group activities supported participant involvement. Lytle et

al. (2004) argued for use of peer leaders in school-based

diet interventions. Active participation in ongoing

activities, keeping diaries of activities and mood states,

as well as carrying out exercises related to nutrition

stimulated involvement in the program. Participation of

powerful adult figures (here the coach) who are part

of the adolescents’ authority system rather than health

promotion specialists from outside may be an important

vehicle of intervention.

Conclusion

The ATHENA program found success through sport team

implementation endorsed by the participants’ coach and

led by their peers, targeting knowledge, outcome expectan-

cies, mood management, norms, and self-efficacy. Similar

mediational paths led to reduction in intentions to engage

in unhealthy weight loss and steroids and creatine use.

These relations among constructs were supported by past

research, primarily within unhealthy weight loss behaviors;

the research on steroid and creatine use among female

adolescents is limited.

The number of female and male high school students

engaged in sports has been on the rise for the past 19

years, and 55% participated in the 2007–08 school year

(National Federation of State High School Associations,
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2008). As such, sport team interventions have substantial

reach and should be considered as settings for health

promotion programs. Targeting social norms, self-efficacy

for healthy eating, and harmful effects of risk behaviors

were effective prevention strategies for unhealthy body

shaping practices among female adolescent athletes.

Mediation analyses aid in the understanding of ATHENA

and inform program development.
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Appendix 2

Computation of estimates of the proportion of the total

effect that is uniquely attributable to each mediational

chain is explained. These estimates are non-redundant

because each path coefficient is estimated with all others

held constant. Computation of the proportion mediated

measures for the full model is shown below for intention

to use steroids/creatine and in Appendix 3 for intention to

engage in unhealthy weight loss. Each mediated effect is

the product of the unstandardized path coefficients along

a meditational chain, as shown in Figure 2. The sum of

these mediated effects plus the direct effect (c0) equals the

total effect. The product of path coefficients on a single

meditational chain divided by the total effect equals the

proportion mediated by that chain.

Appendix 3. Unstandardized Path Estimates of the Effects of ATHENA on Intentions to Use Steroids/Creatine and Proportion-Mediated Measures

Mediators

Mediational

Chain

Knowledge of

steroids

Knowledge of

nutrition

Social

Norms

Mood

Maintenance Self-efficacy

Outcome

Expectancies

for steroids

Intention

to use

steroids/creatine

Estimate

of effect

Proportion

mediated

Session 2 Session 1, 2 Session 4 Session 3 Session 4 Sessions 5, 6 Session 8

1 .976 .059 �.090 �.005 .0417

2 .305 .258 �.058 �.010 .0833

3 .335 �.058 �.020 .1667

4 �.219 �.508 �.090 �.005 .0416

5 �.219 –.270 �.058 �.003 .0250

6 �.219 .248 �.054 .4500

7 .197 �.082 �.016 .1333

Direct effect �.006 �.006 .0500

Total effect �.120 1

Note. The total effect (row 9) is the difference between the means of the Athena versus control group on intention to use steroids/creatine at immediate post-test adjusted for

pre-test, as estimated in the full mediator model of Figure 2. Each of rows 1 through 7 represents a distinct mediational chain from the Athena intervention to intention to use

steroid/creatine. Row 1 shows the unstandardized path coefficient from Athena to Knowledge of steroids (.976) to outcome expectancies for steroids (.059) to intention for

steroids/creatine use (�.090). The product of these three paths [(.976)(.059)(�.090)¼�.005] is the mediated effect for this path. Row 8 is the direct effect (unmediated)

of Athena to intention. The sum of the 8 estimates of effects is the total effect of Athena on intention (�.120). For each path, the proportion mediated is the estimate of effect

for that path divided by the total effect (e.g., �.005/�.120¼ .0417 for row 1).

Appendix 4. Unstandardized Path Estimates of the Effects of ATHENA on Intentions to Engage in Unhealthy Weight Loss Behaviors and

Proportion-Mediated Measures

Mediators

Mediational

chain

Knowledge of

diet pills,

laxatives, etc.

Knowledge of

nutrition Social norms

Mood

Maintenance Self-efficacy

Outcome

expectancies for

diet pills

Intention

unhealthy

weight loss

Estimate of

effect

Proportion

mediated

Session 2 Session 1, 2 Session 4 Session 3 Session 4 Sessions 5, 6 Session 8

1 .267 .072 �.061 �.001 .0078

2 .197 �.053 �.010 .0775

3 �.219 .234 �.051 .3950

4 �.219 �.270 �.078 �.005 .0388

5 �.219 �.555 �.061 �.008 .0620

6 .335 �.078 �.026 .2020

7 .309 .258 �.078 �.006 .0465

Direct effect �.022 �.022 .1705

Total effect �.129 �.129 1

Note. The total effect (row 9) is the difference between the means of the Athena versus control group on intention for unhealthy weight loss behaviors at immediate post-test

adjusted for pre-test, as estimated in the full mediator model of Figure 2. Each of rows 1 through 7 represents a distinct mediational chain from the Athena intervention to

intention for unhealthy weight loss behavior. Row 1 shows the unstandardized path coefficient from Athena to Knowledge of diet pills (.267) to outcome expectancies for diet

pills (.072) to intention for unhealthy weight loss behavior (�.061). The product of these three paths [(.267)(.072)(�.061)¼�.001] is the mediated effect for this path. Row 8 is

the direct effect (unmediated) of Athena to intention. The sum of the 8 estimates of effects is the total effect of Athena on intention (�.129). For each path, the proportion

mediated is the estimate of effect for that path divided by the total effect (e.g., �.001/�.129¼ .0078 for row 1).
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